A simple and rapid high-performance thin-layer chromatographic (HPTLC) method has been established for the analysis of rutin, rosmarinic acid, and glycyrrhizin, three active compounds from the decoction of Abnormal Savda Munziq (ASMq) prescription. The method employed silica gel GF 254 thin-layer plates as the stationary phase, with ethyl acetate-formic acid-acetic acid-water (15:1:1:1.5, v/v) as the mobile phase. Following development, plates were observed under ultraviolet (UV) light at 250 nm. The method was validated for linearity, precision, robustness, recovery, limit of detection (LOD), and limit of quantification (LOQ). Linear regression analysis data for the calibration plots showed good linear relationships (r) from 0.9992 to 0.9993. Recovery of the three compounds was between 97.86 and 100.77%. LOD and LOQ were in the range of 33.30-38.17 ng and 110.80-127.26 ng for the three compounds, respectively. The method is rapid, simple, effective, and easy-to-use for ASMq to perform routine quality control analysis and stability studies in commercial preparations.
Introduction
Abnormal Savda Munziq (ASMq) is a famous and classical Uighur medicinal herbal preparation. This preparation consists of ten medicinal species, including Cordia dichotoma Forst. f., Anchusa italica Retz., Glycyrriza uralensis Fisch., Adiantum capillus-veneris L., Euphorbia humifusa Willd., Ziziphus jujube Mill., Lavandula angustifolia Mill., Foeniculum vulgare Mill., Melissa officinalis L., and Alhagi pseudalhagi Desv. These ethnic characteristic herbs are widely used in traditional Chinese and Uighur medicine. ASMq is built on the theory of Abnormal Savda and has long been used in Traditional Uighur Medicine for auxiliary treatment of several difficult-to-treat diseases such as digestive cancer, diabetes, cardiovascular disease, and chronic asthma [1] .
ASMq has been previously investigated for its antioxidant capacity and scavenging of free radicals [2] , as well as its ability to protect mitochondrial membranes and DNA against OHinduced oxidative damage in cell-free system [3] . The aqueous extract of ASMq can significantly inhibit the growth and viability of human hepatoma (HepG2) cells by increasing cytoplasmic leakage and inhibiting protein, DNA, and RNA synthesis [4] . In addition, ASMq can inhibit cancer cell proliferation and viability in vitro [5, 6] and in vivo [7] , and also regulate immune function [8] .
Rutin (Figure 1 ) is a multiple bioactive flavonoid that is found in Labiatae, Scrophulariaceae, Compositae, and other plants. Rutin displays several pharmacological properties including antioxidant [9] , antiviral [10] , and anti-inflammatory features [11] , in addition to its potential to treat diabetes [12] and hypertension [13] . Rosmarinic acid ( Figure 1 ) is a phenolic compound commonly found in various plants of the Lamiaceae family. Rosmarinic acid exhibits different biological activities such as antioxidant [14] , anti-inflammatory [15] , anticancer [16] , antimicrobial [17] , and neuroprotective [18] activities. Glycyrrhizin (Figure 1 ) is one of the major and active constituents of the root of the Glycyrriza sp. (licorice), which is the most commonly used herb in traditional Chinese and Uighur medicine. Glycyrrhizin exerts various pharmacological effects, including anti-inflammatory [19] , antiviral [20] , antitumor [21] , and hepatoprotective effects [22] .
Based on these reports, there is a close relationship between ASMq and the three active compounds that contribute to the bioactive and pharmacological effects of ASMq. Several studies conducted on ASMq have mainly focused on biology, pharmacology, and the basic chemical composition of the ASMq granules [23, 24] ; however, little is known about the decoction, which is the original formulation of ASMq. Although recent studies have utilized various methods in pharmaceutical and biomedical analysis, like high-performance liquid chromatography (HPLC) [25, 26] , nowadays, high-performance thin-layer chromatography (HPTLC) is becoming a routine analytical technique due to its advantages of low operating cost, high sample throughput, easy-to-use character, and need for minimum sample cleanup. The major advantage of HPTLC is that several samples can be run simultaneously using a small quantity of mobile phase unlike HPLC, thus, lowering analysis time and cost per analysis [27] . HPTLC has been widely used in the analysis of different pharmaceuticals, and it can be coupled with some new techniques and methods, such as thin-layer chromatography-mass spectrometry (TLC-MS) [28] , TLC-diodearray detection (DAD) [29] , and TLC-bioautography [30] . To this study, HPTLC is an ideal method which can be applied to quantitative analysis for ASMq because it is more rapid and practical than HPLC; the major components can be separated easily from this complex decoction, and multisamples can be analyzed on the same plate simultaneously. The aim of the current study was to establish an HPTLC method for the simultaneous quantitation of rutin, rosmarinic acid, and glycyrrhizin for basic chemical analysis and quality control of the decoction of ASMq.
Experimental

Chemicals, Solutions, and Materials
All the herbal materials were obtained from Maidisen Uyghur Medicine Co., Ltd., Xinjiang. The herbal materials were identified by Yonghe Li, a chief apothecary of the Chinese Medicine Hospital of Xinjiang. Rutin, rosmarinic acid, and glycyrrhizin standards were purchased from China Pharmaceutical and Biological Products. HPLC grade methanol (MeOH) was purchased from Fisher Chem Alert Guide, USA. The ethyl acetate (Fuyu Fine Chemical Company, China), formic acid (Beijing Fine Chemical Co., Ltd., China), and acetic acid (Nanda Chemical Co., Ltd., China) used were analytical grade. Ultrapure water was obtained by a Direct-Q system (Millipore, USA). Silica gel GF 254 plants (10 cm × 20 cm) were purchased from Huoshan Chemical Material Factory, China. A Linomat 5 semi-automatic applicator with 100-µL syringe, TLC system, TLC Scanner 3, CAMAG winCATS software, TLC heater, and twin-trough chamber (all CAMAG, Muttenz, Switzerland) were used during the study.
Sample and Standard Preparation
ASMq was prepared according to a previously reported procedure. The herbal material was separately ground and mixed in the following ratios: C. dichotoma (10.6%), A. italica (10.6%), E. humifusa (4.9%), Z. jujube (4.9%), G. uralensis (7.1%), F. vulgare (4.9%), L. angustifolia (4.9%), Dracocephalum moldavica L. (4.9%), and Alhagi pseudoalhagi (42.3%). The mixture (200 g), minus A. pseudoalhagi, was decocted in boiling water at a ratio of 1:10 (w/v) for 3 h, with the extract water changed every hour. After boiling, A. pseudoalhagi was added and stirred for 10 min, and the residue was filtered. The filter liquor was concentrated by a rotary evaporator under reduced pressure, and the condensed extract was frozen at −70°C in an ultra-low temperature freezer, and then pulverized in a freeze dryer for 24 h. The resulting powder was used for this study. Extraction was performed in triplicate, and the yields were 56.44%, 47.29%, and 45.33% (w/w), respectively. The powders were stored at 4°C until use.
The powder sample of ASMq was accurately weighed (2 g), transferred to a 100-mL conical flask, and extracted with 50 mL 80% ethanol solution. The mixed solution was left soaking in ethanol for 30 min, following ultrasound (80 W, 20°C) for 30 min. The solution was then filtered, dried, and then dissolved in methanol and filtered through a 0.45-mm membrane filter to yield 10 mL of the test solution.
Standard rutin, rosmarinic acid, and glycyrrhizin were accurately weighed, dissolved in methanol solution, and diluted to the appropriate concentrations (rutin, 1.024 mg mL −1 ; rosmarinic acid, 0.257 mg mL −1 ; and glycyrrhizin, 5.600 mg mL −1 ). Each standard solution was mixed to be the mixed working standard solution. All solutions were stored at 4°C in the refrigerator until analysis.
Chromatography
HPTLC was performed on silica gel GF 254 TLC plates (20 cm × 10 cm and 10 cm × 10 cm). Before use, the plates were activated for 10 min at 105°C. The samples (5 μL) and the standards were spotted on the plates as 6-mm wide bands (distance between tracks, 9.0 mm; first application position, 15.0 mm; distance from the lower edge of the plate, 8.0 mm). For calibration, the mixed working standard solution (rutin, 0.256 mg mL −1 ; rosmarinic acid, 0.643 mg mL −1 ; and glycyrrhizin, 0.140 mg mL −1 ; spotted as 0.5, 1, 2, 4, 6, and 8 μL for six bands) was used. Plates were developed as reported by Tian et al. [29] , with ethyl acetate-formic acid-acetic acid-water (15:1:1:1.5, v/v) as the mobile phase in a 20 cm × 10 cm twin-trough chamber. Before development, the chamber was lined with filter paper (20 cm × 10 cm) and presaturated with mobile phase vapor for 20 min. The development distance from the lower edge ascended to 90 mm of the plate. The temperature and relative humidity were 21-24°C and 40-45%, respectively, measured by use of an AcuRite instrument. After development, the plate was removed from the chamber and dried. Densitometric evaluation was performed at 250 nm with a CAMAG TLC Scanner 3 in the absorbance mode. The slit dimensions were 6 mm × 0.45 mm, and the scanning speed was 50 mm s -1 . The source of radiation was a deuterium lamp emitting a continuous ultraviolet (UV) spectrum between 200 and 400 nm.
Results and Discussion
Chromatographic Conditions
The optimization of the developer was fit to this study. The plate presented a good separation (Figure 2 ) of all compounds and was used as reference for the identification and quantification of the decoction of ASMq. The identity of the marked compounds in the sample was confirmed by their R F values and by overlaying the UV spectrum (Figures 3 and 4) with that of standards using a CAMAG TLC Scanner 3.
Calibration
The calibration curves were generated with different volumes of standard solution of the mixture and applied on a HPTLC plate for preparing six-point (0.5, 1, 2, 4, 6, and 8 μL) linear calibration curves. After spotting the samples and developing the plate as described above, the peak area was plotted against the corresponding amount to obtain the calibration plot. The linear regression data for the calibration plots were indicative of a good linear relationship between the peak area and the amount. The results are listed in Table 1 .
Method Validation
Precision
The precision of the method was evaluated by performing replicate analyses of the ASMq samples at three levels (3, 4, and 5 μL). Intra-day repeatability was determined by treating spiked samples in six replicates on the same day. Inter-day repeatability was studied by comparing the results of assays performed on different days on the same spiked samples by different analysts, with six replicates for each kind of sample. The intra-and interday precisions were expressed in terms of relative standard deviation (RSD %). The intra-day precision was 2.93%, 2.33%, and 1.72% for rutin, rosmarinic acid, and glycyrrhizin, respectively, while the values for inter-day precision were 2.54%, 2.89%, and 2.19%, respectively.
Stability
The stability of rutin, rosmarinic acid, and glycyrrhizin was assessed by use of quality-control samples, and the peak area was measured at 0, 1, 2, 4, 6, 8, 24, and 48 h. The RSDs (%) for rutin, rosmarinic acid, and glycyrrhizin were 2.48%, 2.39%, and 2.74%, respectively.
Robustness
The robustness of the method was determined by introducing small changes in certain chromatographic parameters. The composition of the mobile phase was changed slightly (ethyl acetate-formic acid-acetic acid-water, 15.3:1:1:1.2, 14.7:1:1: 1.8, v/v), and the amount of the mobile phase (±5 mL), development distance (±1 cm), plate saturation time (±5 min), temperature (±5°C) relative humidity (±5%), and time from chromatography to scanning (±10 min) were studied. The SD of peak areas Journal of Planar Chromatography 27 (2014) 3 189 Table 1 Calibration curves, R F , linearity range, limit of detection (LOD), and quantification (LOQ) of compounds under study. Table 2 Results from assessments of robustness of the method (n = 6). Table 3 Results from recovery studies. was calculated for each parameter, and the RSD (%) was found to be less than 3% in each case. The results are shown in Table 2 .
Recovery
Recovery of rutin, rosmarinic acid, and glycyrrhizin was determined by the standard addition method. A known amount of standard of rutin (1.371 mg), rosmarinic acid (0.462 mg), and glycyrrhizin (0.277 mg) was added to six prequantified samples. The amounts of rutin, rosmarinic acid, and glycyrrhizin were determined by measuring the peak areas and by fitting these values into the regression equation of calibration plots. The results are shown in Table 3 .
LOD and LOQ
The limits of detection and quantification were determined as the signal-to-noise ratio using the equations LOD = 3 N/S and LOQ = 10 N/S, where N is the standard deviation of response and S is the slope of the corresponding calibration curve. The results of LOD and LOQ are shown in Table 1 .
Quantification of Samples
The HPTLC method was used for the quantification of rutin, rosmarinic acid, and glycyrrhizin in three batches of ASMq samples. The HPTLC profile of the ASMq samples at 250 nm is presented in Figure 4 . The peaks corresponding to rutin, rosmarinic acid, and glycyrrhizin in the densitometry were identified by comparing their R F values and UV spectra with those of reference compounds and also by spiking the experiments. The amounts of rutin, rosmarinic acid, and glycyrrhizin in the samples were determined from the calibration graphs, and the results are given in Table 4 .
Conclusion
A rapid, precise, sensitive, and simple HPTLC method enables the simultaneous quantitative analysis of rutin, rosmarinic acid, and glycyrrhizin in the decoction of ASMq, simultaneously. The results showed a good separation for the four compounds using silica gel GF 254 plates, with a mobile phase of ethyl acetate-formic acid-acetic acid-water (15:1:1:1.5, v/v). The method is easier to perform than alternative methods (like HPLC) and has a better resolution than classical TLC. Multiple samples and standards can be developed on the same plate simultaneously and under identical conditions, leading to excellent stability and precision. Additionally, the consumption of materials, solvents, and the analysis time were also saved. The study offered basic chemical data for establishing a quality standard for ASMq, and the validated method renders it useful for routine quality-control analysis in commercialization. Table 4 Quantification of rutin, rosmarinic acid and glycyrrhizin in three batches of ASMq.
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